The radial discharge jet from a standard Rushton turbine was investigated by the Laser Doppler Anemometry (LDA) method. Several distances from the impeller blades (in the radial direction) were chosen for the measurement of axial profiles: all three velocity components (radial, tangential and axial) were measured at each point of the axial profile. The obtained velocity time records were analysed and averaged results were decomposed into three parts: mean ensembleaverage, random and periodic. The ratio of the derived periodic part of the velocity was evaluated in each measurement point and for all velocity components. The obtained results indicate the regions where the periodic part of the velocity has significant effect and where the contribution of this part is almost negligible.
the description of the mixing process [13, 14] namely micro-mixing, gas or aggregates dispersion, and scale-up modelling. For this case, compartment models with several zones have been established [12, [15] [16] [17] . The proposed zones correspond to volumes where the turbulent kinetic energy is dominant. The basic mixing zone (impeller zone) is a region where the trailing vortices disintegrate. The trailing vortices, which play a crucial role in radially agitated systems, have been observed and described by many research studies [4, 13, [18] [19] [20] [21] . The agitated system with radial impeller was also investigated by CFD simulations [4, 8, [22] [23] [24] [25] 37] where similar results were obtained, but validated namely only in impeller blade vicinity, where the discharged stream analogy was established. As mentioned above, the dissipation of turbulent kinetic energy in this region is a very intensive process caused by the fast kinetic energy transfers over turbulent scales. This is considered to be the main mixing process, which is driven by the decomposition of the trailing vortex structures.
Discharge stream
The implementation of theoretical form of the immersed turbulent jet projected onto discharged stream originated from development of analytic solution of the mean flow. It is sufficiently accurate and derived namely in the form for the radial and tangential velocity [12, [26] [27] [28] [29] [30] . The velocity profiles in the discharge stream were compared with theoretical curves derived namely form the basic analytical solution [28] . The turbulent flow in fully turbulent regime (Re > 10 4 ) in discharge stream could be divided into three regions where:
• The potential core flow is generated by the impeller blade.
• The jet axial-distribution of the mean radial velocity and root mean square (RMS) values of fluctuations are not evolved.
• Both profiles of the mean radial velocity and RMS values of fluctuations are in their final selfsimilar axial-distribution profiles.
The boundary between zone of flow establishment (ZFE) and zone of established flow (ZEF) regions was established in a distance r/R = 1.6 from the blades [12] .
Velocity decomposition
The flow in the discharge stream is induced by periodic passing of the impeller blades. Hence, the resulting flow contains also the velocity component with periodic behaviour. So, the discharge flow velocity could be separated into three parts: mean U i , 
where the kinetic energy transfers are between:
• mean and turbulent motion, • mean and organized (periodic) motion and • organized (periodic) and turbulent motion. The transfer of kinetic energy from the mean flow to turbulence is commonly known as the production term of turbulence in the classic Reynolds decomposition and that exchange of kinetic energy is the main characteristic of the discharge stream. The kinetic energy transferred from the mean to the organized motion is clearly positive in the impeller jet. The organized kinetic energy is significant in the impeller vicinity and decreases as the radial distance from the impeller increases. The main energy exchange takes place in the impeller area, due to the development of the trailing vortices that are much more coherent near the impeller blade. The transfers of the kinetic energy between the organized and turbulent flows are located in the region close to the trailing vortices. The organized velocity component is narrowly bonded with the trailing vortices volume and with the region where they are broken-up. In the break-up region of the trailing vortices most of the kinetic energy of the organized motion is transferred to the turbulent one.
Different decomposing methods have been used to separate each velocity component, namely periodic and random. The first is a temporal analysis of velocity data record in terms of velocity correlation functions, where the periodic component is separated from the temporal data records [1] . The second way is to synchronize the acquisitions of velocity data with blade position and to obtain the phase-averaged velocity components [31] . Nowadays, new decomposition techniques of coherent structures are under development and they are also applied in the mixing processes [32, 33] .
Trailing vortices region
The compartment models divide the volume of mixing vessel into sections where the local kinetic energy takes ordinarily similar values, e.g., bulk region, wall impact stream region or region around the impeller [15] , commonly presented as the main working volume, where the trailing vortices play a key role for the transfer and dissipation of kinetic energy. The trailing vortices generated by Rushton turbine impeller have been experimentally investigated by several methods [4, 30, 34, 35] . The published data originated mostly from the phase-averaging, and it should be noted that the structures obtained from that data are more symmetric, stable and homogeneous than the instantaneous ones [35] . Although the vortex structures are broken up during the movement and the velocity magnitudes of periodic component decrease, they are finally destroyed on the vessel wall and baffles. The observed length of resulting trailing vortex primarily depends on the identification technique setup [18, 20, 35] and whether the velocity data are phase-averaged or instantaneous [30] .
In this paper, laser Doppler anemometry (LDA) measurements in the discharge stream from a standard Rushton turbine impeller were performed. The temporal analysis [10] of the data records including ensemble-averaging was applied, as well as the velocity decomposition based on separation from autocorrelation function (ACF) [1] . The distribution of the organized and turbulent motion was evaluated in the impeller discharge stream.
A future improvement of the mixing tank modelling depends mainly on CFD calculations. The prediction of the mean flow is reasonably good [37] , but more accurate results of the turbulent characteristic are still required. The disintegration of the trailing vortices with coupled kinetic energy transfers is predicted with low accuracy, and the dissipation rate of the turbulent kinetic energy is mostly under-predicted by the CFD [37] . It was found that the kinetic energy was rapidly transferred in the discharged stream region to r* = 1.6 or 1.8 [12, 31] . Hence, we decided to map the wider region from impeller tip to r* = 2.2 and obtain mean ensemble-averaged results and evaluate kinetic energy distribution desirable for validation of CFD results. The anisotropy behaviour in that region [4] enforced the investigation of all the three components [31] as well as comparison of their behaviour with the change of the impeller speed. Several experimental methods were compared [1, 5, 14, 31] . Two main methods were used for non-invasive measurement. The first was LDA and second one was particle image velocimetry (PIV). The advantage of the LDA system is that the velocity values are physically given (by laser wave length, used lens, etc.) and no calibration is needed, while the images in PIV are necessary for spatial calibration and to make corrections of optical deformations. Although the advantage of PIV is a wider field of velocity values at the same time and equally spaced sampling, the measurement of all the three components needs a very sophisticated approach [31] . The stereoscopic PIV or the other three dimensional PIV measurements are also based on the deformation recalculations and employment of some interpolation techniques. Hence, we decided to use simple LDA method with minimal optical disturbances. The measurement through the flat bottom [5] allows obtaining very accurate results of radial and 
LDA measurements
The LDA measurements of all the three velocity components (radial, tangential, axial) were performed in the impeller discharge stream. In this case the radial and tangential velocity components were measured simultaneously by 2D LDA system through the vessel flat bottom. Consecutively, the measurement of the axial velocity was carried out through the vessel wall using optical box around the cylindrical vessel filled with water. Radial, tangential and axial instantaneous velocities were measured in vertical planes between two adjacent baffles (in radial non-dimensional coordinates r * = 2r/D: 1.05; 1.1; 1.2; 1.4; 1.6; 1.8; 2.0; 2.2, Figure 1) . In each position, 21 points were measured.
RESULTS
The data from LDA measurements were treated by ensemble-averaging. The ensemble-averaged mean velocities are shown in Figure 2 , where the radial, tangential and axial velocity components are depicted separately. The root mean square values (RMS) of ensemble-averaged velocity fluctuations are depicted in Figure 3 . Since the LDA data were taken in a burst-mode the measured velocities were biased. To eliminate the bias effect, we used a residence time weighting procedure based on a burst length (L B ), for each velocity component (radial, tangential, axial) the ensemble-averaged mean was evaluated from:
and RMS value: affected by the measured velocities at each point. Hence, in the main flow, the data rate was doubled on approximately 1000 samples per second and 130000 samples, while for some points outside the flow or for points with very low velocities (namely for axial velocity component) the data rate was very low, around 250 samples per second and number of samples around 30000. From the time data series the temporal velocity analysis in each measured point was carried out autocorrelation function (ACF) and power spectrum. The periodic and random parts were segregated using the ACF separation approach [1] .
Averaged velocity results
Axial profiles of radial, tangential, axial mean ensemble-averaged velocity components are shown in Figure 
where w is the height of the impeller blade and D is the impeller diameter. The obtained results of mean ensemble-averaged values were compared with other published ones ( Figure 5 ). It is obvious that the "mean and RMS" are sensitive to the averaging process. The data rate, averaging time and spatial resolution of the measurement method are important parameters namely in zone of flow establishment (ZFE) [12] . The ensemble-averaged mean flow is influenced by intensive kinetic energy transfer in this zone reach onto r* = 1.8. This phenomenon is caused by the effect of trilling vortices and their disintegration. This is in accordance with results obtained by other researchers [30, 31, 37] .
Power spectrum analysis
The power spectrum at each measurement point was estimated by the slot correlation method [10] . Data of all three velocity components were analysed.
As expected, the velocity data in the impeller (blade) vicinity contained significant periodic part, the frequencies of which corresponded to frequencies of the blade passing nN B and their multiples. The harmonic signal slowly disappeared with increasing remoteness from the impeller blade due to decomposition of trailing vortices. The damping of periodic component along radial axis at the impeller disk level is shown in Figure 4 . It is obvious that periodicity also appears behind the interface between the ZFE and ZEF at r * = 1.6 [12] , but the periodic component becomes negligible in comparison with the random one. It is also shown that the periodic behaviour is not equal for all velocity components.
Comparison with other results
The mean ensemble-averaged velocities were compared with the data from [1, 31, 36] . The axial profiles of radial, tangential and axial component is shown in Figure 5 (top), in which the results from dimensionless radius r* = 1.07 from literature are compared with the present measurements from r* = = 1.05. There is very good agreement with the data obtained by Escudie and Line [31] by the PIV method. The profiles were only shifted to axis of symmetry. The shape and magnitudes were almost the same. The kinetic energy represented by the periodic and random part of the velocity fluctuations for each velocity component was compared with the results obtained by Escudie and Line [31] . Their results were compared with the results obtained by Wu and Patterson [1] and they concluded in a good agreement. The comparison of our results with Escudie and Line [31] , shown in Figure 5 (bottom), was also in a good agreement, where the values of both periodic and random were almost the same. The discrepancy was only in symmetricity, where our results were quite symmetric.
Distribution of decomposed velocity components
The dimensionless RMS values from all 168 measurement points were included in the contour plots to map the distribution of the velocity fluctuations in the impeller discharge stream. The results at 200 rpm are shown in Fig. 6 (the first column) ; the derived periodic components (the second column); the derived random components (the third column). i) The operating radius of the radial velocity fluctuations is longer than for tangential ones.
ii) The axial velocity fluctuations show similar trend as radial ones.
iii) The diagram of the axial fluctuations indicates a distribution onto upper and lower part according to the mean axial velocity maximums.
The decomposed periodic components u ii) The peaks headed in parallel with upper and lower blade edge which appeared in radial and axial periodic components are probably caused by trailing vortices movement.
iii) The ii) The removal of the periodic velocity component reduces the magnitude of the axial random component, which could indicate that the periodic component is the main part of the axial flow. Turbulent kinetic energy Turbulent kinetic energy is described as the energy dissipated by vortices in small scales. That is why the periodic velocity component, which only transports kinetic energy, is removed from the measured data. The total kinetic energy is calculated from: 
